Abstract. Müllerian inhibiting substance/anti-Müllerian hormone (MIS/AMH) is a regulator of the female reproductive system, an indicator of ovarian reserve and a growth inhibitor of Müllerian duct-derived tumors in vivo and in vitro. The objective of the present study was to analyze MIS/AMH type II receptor (MIS/AMHRII) protein and mRNA expression in healthy human endometria compared with patients with endometrial hyperplasia and endometrial cancer, providing a foundation for MIS/AMH as a biological modifier for treatment of endometrial hyperplasia and endometrial cancer. The present study included healthy endometrial tissues (n=20), simple endometrial hyperplasia tissues without atypia (n=17), complex endometrial hyperplasia tissues without atypia (n=24) and endometrial cancer tissues (n=8). The location and variation of MIS/AMHRII protein expression was observed by immunohistochemistry. The expression was graded by two pathologists and was categorized as follows: Negative, weakly positive, moderately positive or strongly positive. Reverse transcription-quantitative polymerase chain reaction was used to quantify MIS/AMHRII mRNA expression. The expression of MIS/AMHRII protein was observed in the cytoplasm of healthy human endometria, endometrial hyperplasia and endometrial cancer cells. The frequency of MIS/AMHRII protein expression was 20.22±10.35% in the proliferative phase of the healthy endometrium and 24.09±11.73% in the secretory phase of the healthy endometrium. However, no differences were observed in the menstrual cycle phases. The frequency was 54.50±16.59% in endometrial hyperplasia without atypia, 55.10±15.87% in endometrial hyperplasia with atypia and 73.88±15.70% in endometrial cancer, indicating that expression was enhanced as the disease progressed from healthy to malignant status. In endometrial hyperplasia, MIS/AMHRII protein expression was significantly associated with histological complexity compared with atypia status. The present study demonstrated that MIS/AMHRII is present in healthy endometria, endometrial hyperplasia and endometrial cancer. The low expression frequency of MIS/AMHRII was not significantly different among normal endometrial tissues, however, the protein expression was elevated in endometrial hyperplasia and endometrial cancer. These findings indicated that the study of bioactive MIS/AMH, as a possible treatment for tumors expressing the MIS/AMH receptor, is essential.
Introduction
Endometrial hyperplasia is defined as proliferation of irregularly-shaped glands, resulting from an increased ratio of gland to matrix cells. Its pathologically hyperplastic status is stimulated by estrogen, without an antagonistic reaction of progesterone (1) . According to histology, endometrial hyperplasia is divided into simple and complex types, and further divided according to the presence of cellular atypia. Complex hyperplasia with atypia has been reported to increase endometrial cancer risk (2) .
Histologically, endometrial cancer is divided into two types: Type I estrogen-dependent endometrioid adenocarcinoma and type II, serous and all other forms of endometrial cancer (3) . The former has been reported to occur in perimenopausal patients of a relatively young age (4). It is followed or accompanied by atypical complex endometrial hyperplasia, accounting for 75% of all types of endometrial cancer (4) . Type II endocancer (4) . Type II endocancer (4) . Type II endometrial cancer has been indicated to occur in patients of older age, accounting for 25% of all types of endometrial cancer, with a decreased 5-year survival rate compared with type I endometrial cancer (5) . Estrogen serves an important role in type I endometrial cancer. Therefore, hormone therapy is used in addition to radical dissection, radiation therapy and chemotherapy. However, the discovery of a novel therapy is required to conserve fertility and enhance efficacy of cancer treatment (6) .
The term müllerian inhibiting substance (MIS), was coined by Alfred Jost, who discovered the non-testosterone material in rabbit fetal testis (7) . MIS has been reported to degenerate the Müllerian duct (8) . MIS, also known as anti-Müllerian hormone (AMH), is a 140 kDa glycoprotein composed of 545 amino acids, and is a member of the transforming growth factor (TGF)-β multigene family (9) . The Müllerian duct is formed from coelomic epithelium and develops into the female salpinx, uterus, uterine cervix, proximal vagina and ovarian epithelium (10) . MIS/AMH serves an important role in genital development by inhibiting female genital organ development in the male fetus. MIS is not detectable in the fetal ovary, however, following puberty, it is secreted into the follicular fluid and the serum from the ovarian granular tissue (11) . The MIS/AMH protein expression level is used to check the ovarian reserve based on the condition that the concentration does not significantly vary in males (2-5 ng/ml), and that MIS/AMH is not detectable after menopause (11) (12) (13) . There have been numerous reports of MIS/AMH function as a tumor biomarker and as a treatment for Müllerian duct-originated tumors (14, 15) . Numerous studies have reported that the suppressive effect of MIS on ovarian cancer cells increases with the concentration of MIS/AMH (15) (16) (17) (18) (19) (20) . There have been numerous reports of the anti-cancer effect of MIS/AMH on MIS/AMH receptor-presenting cervical cancer (21, 22) , breast cancer tissues and cells (23) , and endometrial cancer (24, 25) .
The present study was designed to reveal the protein expreswas designed to reveal the protein expreswas designed to reveal the protein expression level of MIS/AMH type II receptor (MIS/AMHRII) in healthy endometria, endometrial hyperplasia and endometrial cancer tissue. Furthermore, the study aimed to evaluate the potential clinical use of MIS/AMH as a biological modifier for MIS/AMHRII-expressing endometrial tumors.
Materials and methods
Collection of endometrial tissue. The present study included 69 premenopausal female patients (median age, 46 years; interquartile range, 42-51 years), who underwent endometrial curettage for endometrial hyperplasia or total hysterectomy for endometrial cancer, between July 2011 and December 2014 at Seoul St. Mary's Hospital (Seoul, South Korea). The exclusion criteria included post-menopause, history and/or co-existing cancer and other endometrial disease, including endometrial polyp and submucosal myoma. Healthy endometrial tissues (n=20), simple endometrial hyperplasia tissues without atypia (n=17), complex endometrial hyperplasia tissues without atypia (n=24) and endometrial cancer tissues (n=8) were collected from the patients. Written informed consent was obtained from all patients prior to enrollment in the present study. The present study was approved by the Institutional Review Board-Human Research Committee at Seoul St. Mary's Hospital (Seoul, South Korea; approval nos. KC14SISI0546 and KC11TISI0491).
Immunohistochemistry. Paraffin-embedded tissues were sectioned into 4-µm slices and attached to ProbeOn Plus microscope slides (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The immunostaining procedure was as follows:
The tissue was embedded in 40% formalin at room temperature immediately following tissue sampling and stored for 10 min. The slides were deparaffinized in xylene and rehydrated in 100, 95, 80 and 70% graded ethanol at room temperature. In order to retrieve antigenic sites, the slides were autoclaved at 121˚C for 10 min in 0.01 M sodium citrate (Thermo Fisher Scientific, Inc.) and cooled for 20 min at room temperature. Tissue samples were subsequently washed 4 times with 0.1% Tween-20 Tris-buffered saline (T-TBS; Lab Vision Corporation, Fremont, CA, USA). The slides were immunostained using a CAP-PLUS detection kit (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Following treatment with 3% peroxidase for 10 min at room temperature to block non-specific protein binding and washing with PBS, 5% goat serum (Thermo Fisher Scientific, Inc.), was added for 1 h at room temperature. The slides were incubated with rabbit polyclonal anti-human MIS/AMHRII antiserum (provided by Professor Patricia K. Donahoe, Massachusetts General Hospital, Boston, MA, USA; dilution, 1:100) as a primary antiserum at 4˚C overnight. The slides were rinsed in PBS and incubated with biotinylated anti-rabbit IgG (CAP-PLUS detection kit) as a secondary antibody at room temperature for 1 h. Following rinsing with PBS, a streptavidin horseradish peroxidase detection system (CAP-PLUS detection kit) was applied to the slides for 30 min to induce the biotin-avidin binding reaction. Following washing in T-TBS (Lab Vision Corporation) for 5 min, the slides were treated with 3-amino-9-ethylcarbazole for 10 min at room temperature, counterstained with undiluted hematoxylin (YD Diagnostics Co., Ltd., Yongin, Kyunggio, Korea) for 1 min at room temperature and then mounted with aqueous mount solution (Lab Vision Corporation). The expression of MIS/AMHRII was observed at magnification, x200 and x400 using a light microscope (BX53; Olympus Corporation, Tokyo, Japan) and images were captured with a microscopic camera (DP20-5; Olympus Corporation).
Expression scoring system and statistical analysis.
Immunohistochemistry was assessed independently by two pathologists. Staining intensity was classified as positive when the intensity level exceeded that of normal follicular granulosa cells. The frequencies of positively stained cells in 5 fields of view under x200 magnification were counted. Frequency <30% was classified as weakly positive, 30-60% as moderately positive and >60% as strongly positive. Negative staining was scored as 0, weakly positive as 1, moderately positive as 2 and strongly positive as 3.
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
RT-qPCR was performed on healthy endometrial tissues, endometrial hyperplasia and endometrial cancer tissues, in order to determine MIS/AMHRII mRNA expression. Total RNA was extracted from patient tissues by TRIzol™LS Reagent (Thermo Fisher Scientific, Inc.).
The first reverse transcription was performed to synthesize cDNA from RNA using a cDNA Synthesis kit (Takara Bio, Inc., Otsu, Japan). The PCR mixture consisted of 5XPCR buffer (4 µl), MMLV reverse transcription (1 µl), dNTP mix (1 µl), random primer (2 µl), RNase inhibitor (1 µl), 2 µg RNA and diethyl pyrocarbonate water to a total volume of 20 µl. Thermocycling conditions were: 25˚C for 10 min, 42˚C for 60 min and 70˚C for 10 min. The PCR products were stored at -20˚C.
To compare the amount of cDNA, a second PCR was performed. The cDNA products were amplified using Premix Taq (Takara Ex Taq version; Takara Korea Biomedical Inc.). The PCR mixture consisted of PCR premix (10 µl), downstream primer (10 pmol, 1 µl), upstream primer (10 pmol, 1 µl), cDNA (1 µl) and RNase-free sterile water for a total volume of 20 µl. Amplification started with denaturation at 94˚C for 5 min followed by 30 cycles of 94˚C for 40 sec, 57˚C for 40 sec and 72˚C for 25 sec and the final reaction was performed at 72˚C for 10 min. The sequences of the PCR primers were as follows: Sense primer, 5'-CCC TGC TAC AGC GAA AGA AC-3' (MIS/AMHRII cDNA; Gene Bank, accession no. AF172932; sequence 581-600) and anti-sense primer, 5'-TGG GTC AAG TAG TGG CAC AG-3' (sequence 921-941); and GAPDH sense, 5'-CGG GAA GCT TGT CAT CAA TGG-3' and antisense, 5'-GGC AGT GAT GGC ATG GAC TG-3' (322 bp). PCR products (10 µl) were separated by electrophoresis on a 1.5% agarose gel and the band size (361 bp) was compared to a DNA Molecular Weight Markers 100 bp DNA ladder (cat. no. D-1030; Bioneer Corporation, Daejeon, Korea).
To compare the amount of cDNA quantitatively, a third PCR was performed. Quantitative PCR (qPCR) was performed to quantify mRNA expression levels of MIS/AMHRII and GAPDH. mRNA expression levels were measured using Bio-Rad CFX96 Real-Time PCR system (Bio-Rad Laboratories, Inc., Hercules, CA, USA), according to the manuaccording to the manuaccording to the manufacturer's protocol. PCR reactions were performed in a 20 µl total reaction volume comprised of 10 µl iTaq™ Universal 
SYBR
® -Green Supermix (2X) (Bio-Rad Laboratories, Inc.), 1 µl of each gene-specific primer (10 µM), 2 µl of cDNA templates and 6 µl of H 2 O. qPCR was performed at 94˚C for 2 min followed by 40 cycles at 94˚C for 10 sec, 57˚C for 1 min and 30 sec at 72˚C for each gene. GAPDH was used as a loading control. Each reaction was performed in triplicate. Relative quantification of gene expression levels was expressed as fold change, normalized against loaded controls, using the 2 -ΔΔCq method (26) . Each sample was detected in triplicate.
Statistical analysis. Data were analyzed using one-way analysis of variance, followed by least-significant difference and Duncan's multiple range tests. All analyses were performed using SPSS 20.0 (for Windows; IBM Co., Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of MIS/AMHRII protein.
All 20 healthy endometrial tissues expressed MIS/AMHRII protein. Among the 9 normal proliferative phase endometrial tissues, 7 cases (78%) were classified as weakly positive and 2 cases (22%) as moderately positive (Fig. 1A) . In the 11 normal secretory phase tissues, 8 cases (73%) were weakly positive and 3 cases (27%) were moderately positive (Fig. 1B) . Among the 41 endometrial hyperplasia cases, 12 cases were determined to exhibit simple hyperplasia without atypia and 7 (58%) were moderately positive, while 5 (42%) were strongly positive (Fig. 1C) . In the 5 cases of complex hyperplasia without atypia, 3 cases (60%) were moderately positive and 2 cases (40%) were strongly positive (Fig. 1D) . In the 12 cases of simple hyperplasia with atypia, 2 cases (17%) were weakly positive, 5 (42%) were moderately positive and 5 (42%) were strongly positive (Fig. 1E ). In the 12 cases of complex hyperplasia with atypia, 6 cases (50%) were moderately positive and 6 cases (50%) were strongly positive (Fig. 1F ). In the 8 endometrial cancer cases, 2 cases (25%) were classified as moderately positive and 6 cases (75%) were strongly positive ( Fig. 1G and H) . with atypia. However, a significant difference was identified between simple endometrial hyperplasia (50.55±15.19%) and complex endometrial hyperplasia (60.25±15.29%) regardless of atypia (P<0.05; Table I ).
Quantification of MIS/AMHRII protein expression.
MIS/AMHRII mRNA expression levels. RT-qPCR analysis was performed to verify the mRNA expression of MIS/AMHRII and a 361-bp-sized band identical to part of the human MIS/AMHRII cDNA sequence (sequence581-941; Gene Bank Accession no. AF172932) was expressed by all healthy endometrial tissues ( Fig. 3A and B) , endometrial hyperplasia tissues ( Fig. 3C-F ) and endometrial cancer tissues (Fig. 3G) .
Quantification of MIS/AMHRII mRNA expression.
The mRNA expression levels of MIS/AMHRII were not significantly different between normal endometrial tissues in the proliferative and secretory phases (fold-change, 1.03±0.05; Fig. 3A and B) . The levels of MIS/AMHRII mRNA expression in simple and complex endometrial hyperplasia without atypia were increased compared with normal endometrial tissues (P<0.05; Fig. 3C and D) . The levels of MIS/AMHRII mRNA expression in simple and complex endometrial hyperplasia with atypia were increased compared with normal endometrial tissues (P<0.05; Fig. 3E and F) . In endometrial cancer, the level of MIS/AMHRII expression was also increased compared with normal endometrial tissues (P<0.05; Fig. 3G ).
The RT-qPCR results demonstrated that MIS/AMHRII mRNA expression is increased in endometrial hyperplasia and cancer tissues compared with normal endometrial tissues.
Discussion
MIS is a member of the TGF-β multigene family, which includes TGF-β, actibin, inhibin, Vg1, bone morphogenetic protein, decapentaplegia and growth and differentiation factor (27) . Signals mediated by MIS/AMH are transported via the heteromeric complex MIS/AMH receptor composed of tissue-specific type I and II transmembrane serine/threonine kinase receptors (28) . Following the binding of the proteolized 25-kDa carboxyl ends of MIS to MIS/AMHRII, MIS/AMH activates the signal transporting system by phosphorylating MIS/AMHRI (28, 29) . There have been prior attempts to use MIS/AMH as a diagnostic tool for sexual division disorder, to estimate the ovarian reserve and for the diagnosis and prognosis of MIS/AMH-secreting sex cord tumors (11) (12) (13) . Furthermore, studies have investigated the MIS/AMH receptor and MIS/AMH receptor-presenting tumors, and the potential of MIS/AMH as a biological modulator for clinical medicine (15) (16) (17) (18) (19) (20) (21) (22) . Song et al (30) compared the differences in MIS/AMHRII mRNA expression among patients with ovarian cancer and determined that non-epithelial tumors exhibited increased expression of MIS/AMHRII compared with epithelial tumors. However, no significant difference was observed in mRNA expression levels among benign, borderline and malignant tumors. In cervical tissues, MIS/AMHRII was indicated to be present in healthy cervical and cervical carcinoma tissues. The expression levels of MIS/AMHRII protein and mRNA expression were not significantly different according to cell type or differentiation in cervical cancer (31) . In the present study, increased expression of MIS/AMHRII with disease advancement was demonstrated. This may be due to the fact that the endometrial changes during the menstrual cycle result from proliferation of endometrial glandular cells (32) , not histologically hyperplasic change. Bakkum-Gamez et al (33) reported that only 28% (39/139) of the healthy endometrium samples expressed MIS/AMHRII. A limitation of the present study was the use of only immunohistochemistry for analysis of protein expression. By using RT-PCR analysis, Renaud et al (24) reported that MIS/AMHRII mRNA is expressed in healthy endometrium and endometrial cancer. However, as confirmed by the present study, no difference regarding menstrual cycle stage was evident.
There is high clinical interest regarding endometrial cancer as it is the 4th most common type of cancer following breast, lung and colorectal cancer (34) . It has been reported that in South Korea, the prevalence of endometrial cancer has increased from 1999 to 2010, indicating that the malignancy distribution is becoming more similar to that of Western nations (35) . Type I endometrial cancer often antecedes or co-exists with endometrial hyperplasia (3) . In the present study, although no difference was observed in MIS/AMHRII expression between the secretory and proliferative phases of the endometrium, the expression level was significantly increased in endometrial hyperplasia and endometrial cancer, compared with healthy endometria (P<0.05). Among the endometrial hyperplasia tissues, no difference was observed in MIS/AMHRII express, no difference was observed in MIS/AMHRII expres-, no difference was observed in MIS/AMHRII expreswas observed in MIS/AMHRII expreswas observed in MIS/AMHRII expression between the tissues with or without atypia. However, the MIS/AMHRII mRNA expression level was significantly increased in complex endometrial hyperplasia compared with simple endometrial hyperplasia tissues, regardless of atypia (P<0.05). In South Korea, the frequency of complex endometrial hyperplasia is 9.5-43.9% and is 5.0-8.7% for endometrial hyperplasia with atypia, which is a relatively low prevalence (36) . As indicated in Figs. 2 and 3 , the MIS/AMHRII expression was highest and strongest in endometrial cancer. However, the frequency of MIS/AMHRII protein expression in tissues with complex hyperplasia and atypia was not signifiatypia was not signifiatypia was not signifinot signifinot significantly different compared with endometrial cancer (P>0.05). As Kurman et al (37) reported, 29% of complex endometrial hyperplasia with atypia cases advance to endometrial cancer. Therefore, it may be inferred that the protein expression of MIS/AMHRII is associated with histological complexity in endometrial hyperplasia.
Wang et al (38) reported that MIS/AMHRII protein expression is increased in mitotic cells. In addition, increased histological complexity and hyperplastic status has been indicated to result in an increased proportion of cells in mitosis and has been hypothesized to be associated with increased MIS/AMHRII mRNA and protein expression. Therefore, high MIS/AMHRII expression in hyperplasia tissue may be a risk factor of endometrial cancer. As there was no significant difference of MIS/AMHRII expression in terms of atypia among endometrial hyperplasia tissues, MIS/AMHRII expression may reflect histological complexity more than atypia status; therefore, collecting data of MIS/AMHRII expression level in each disease status will be beneficial for follow-up care of the patients with endometrial hyperplasia. This may help to achieve patient-specific treatment. Song et al (31) reported that healthy uterine cervical cells and cervical cancer cells express MIS/AMHRII protein and mRNA and that MIS/AMH has an anti-proliferative effect in vitro executed via the MIS/AMH receptor. Also in endometrial cancer, as it expresses MIS/AMHRII. investigation of a potential receptor-mediated anti-oncogenic effect of MIS/AMH is required.
In conclusion, the present study demonstrated that there was no change in MIS/AMHRII expression with menstrual cycle stage in healthy endometria. However, MIS/AMHRII expression significantly increased with progression of disease from simple endometrial hyperplasia to endometrial cancer. This suggests that increased MIS/AMHRII mRNA and protein expression levels in the endometrium are associated with endometrial hyperplastic disease advancement. The present study suggested that MIS/AMH may serve as an inhibitor of MIS/AMH-mediated cell growth in endometrial hyperplasia and endometrial cancer. It would be beneficial in future studies to examine the immune-targeting of MIS/AMHRII-expressing endometrial hyperplasia and endometrial cancer in vivo, in addition to developing MIS/AMH as a biological treatment for MIS/AMH receptor-expressing endometrial tumors.
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